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THE ESSENTIAL TRACE ELEMENT sele-
nium (Se) is a component of selenopro-
teins, some of which have important
enzymic functions. These include the
glutathione peroxidases, which reduce
hydrogen peroxide and harmful lipid and
phospholipid hydroperoxides, and the
iodothyronine deiodinases, which catalyse
the production of active thyroid hormone,
tri-iodothyronine, from thyroxine.1-4
While the selenium-deficiency condi-
tions Keshan disease (a cardiomyopa-
thy) and Kashin–Beck disease (a
debilitating osteoarthropathy) have long
been recognised in China and Siberia1,2
(although they are unknown in Aus-
tralia), mounting evidence suggests that
less overt deficiency may be associated
with reduced immunocompetence;
increased virulence of RNA viruses;
increased rate of progression to AIDS
among HIV-positive individuals;1,3,5
increased rate of progression to cirrhosis
or liver cancer among individuals with
hepatitis B or C; increased risk of a
range of cancers and other conditions
that involve high levels of oxidative
stress; impaired thyroid function;
depression, anxiety and accelerated cog-
nitive decline; and reduced fertil-
ity.1,3,4,6 Furthermore, supranutritional
Se intake may provide additional pro-
tection against certain diseases, includ-
ing some cancers.1-4,6
Most Se ingested by animals and
humans comes from the soil, through
plants. Levels of Se available in soils are
highly variable globally. Areas that are
notably low in Se include parts of
China, Siberia, central Africa, eastern
Europe, and New Zealand.2 Although
large areas have not yet been mapped
for Se, it is apparent that many people
have too little Se to support maximum
selenoenzyme expression.1-3
Human Se status is sensitive to
changes in the food supply, in particular
wheat,1 which is estimated to supply
about half of the Se intake of most adult
Australians.7 Of concern is a trend
towards a reduction of Se in the food
chain in certain regions, possibly
because of fossil fuel burning (with
release of sulfur, an Se antagonist), acid
rain, soil acidification and use of high-
sulfur fertilisers.8,9
Concentrations of Se in plasma and
whole blood provide useful indicators of
human Se intake and status. The con-
centration of Se in plasma is about 80%
of that in whole blood.2 Box 1 shows
reference values for plasma Se concen-
tration in specified circumstances.
We undertook this study to compare
plasma Se levels in a sample of healthy
South Australian adults in 2002 with
current global levels, and to compare
2002 South Australian plasma and whole
blood Se levels with those found in previ-
ous surveys in South Australia, since
1977, to assess time trends, and the
relationships of whole blood and plasma
Se concentrations to sex and age.
METHODS
Samples
2002 survey: 288 samples of whole
blood were obtained from blood
donated at the Australian Red Cross
Blood Service, Adelaide, from 26–28
June 2002. Donor approval was
obtained, and the age and sex of each
donor recorded. This group could be
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considered a healthy sample of the pop-
ulation, having been screened by the
Red Cross for haemoglobin levels, hep-
atitis B and C, and HIV.
Earlier surveys: Human blood Se
data for 546 people determined by one
of us (G J J) in 1977 and 1988 were
included in the study. These included
unpublished data from Australian Red
Cross Blood Service donors and pub-
lished studies of employees of the Insti-
tute of Medical  and Veterinary
Science13 and Kangaroo Island resi-
dents.14 The surveys were conducted
in 1977 (117 participants), 1979 (30
participants), 1987 (96 and 103 partic-
ipants), and 1988 (200 participants).
All of these groups comprised appar-
ently healthy adults, with mean age and
age range similar to the 2002 sample.
When the data for all the surveys were
combined, the total sample size was
834 (445 men, 389 women), with a
mean age of 42 years (range, 17–71
years).
Laboratory procedures
2002 survey: Whole blood samples
were stored at 4°C during the collection
period, and whole blood from a sub-
sample of 28 participants, and plasma
samples from all 288 participants
(obtained by centrifugation), were
stored at –20°C for one week before
analysis. Whole blood and plasma sam-
ples were digested with a nitric/perchlo-
ric acid mixture and finished with
hydrochloric acid, then treated with
sodium borohydride before analysis by
hydride inductively-coupled plasma
op t i ca l  emi s s ion  spec t r ometr y
(ICPOES), based on an established
method.15 Variability between analytical
runs and quality controls (serum and
whole blood standards) was within
acceptable limits.
Earlier surveys: In the surveys before
2002, Se concentrations were analysed
by a fluorimetric method.16,17 For each
survey the analyses were conducted
within one month of sample collection.
Samples were stored at 4°C for up to a
week, then at –20°C. Quality controls
were whole blood samples of known Se
concentration.18 The two published
studies (1977 and 1979 surveys)
included whole blood Se analyses only,
so plasma Se concentrations in these
surveys were estimated as 80% of those
for whole blood (Box 2).2
Analytical validation
To test the validity of comparing 2002
and pre-2002 samples analysed by the
two different methods, each of 30
plasma samples (no whole blood sam-
ples) from 2002 were split. Half of each
sample was sent to the South Australian
Research and Development Institute for
fluorimetric analysis, and the remaining
halves of these samples were analysed by
Waite Analytical Services by means of
hydride ICPOES. The two methods
provided similar results (fluorimetric
mean, 100 µg/L [SE, 1.9]; hydride
ICPOES mean, 102 µg/L [SE, 2.0];
r = 0.96; P < 0.01).
Statistical analyses
The method of analysis chosen to inves-
tigate the effects of age, sex and group
(and hence time) for Se data from 1977
to 2002 was a linear mixed model,
where “mixed” relates to the inclusion
of both fixed and random effects.19 It is
assumed that the levels of a random
effect arise from a probability distribu-
tion. The best linear unbiased predic-
tors (BLUPs) were used to interpret the
group effect. The fixed effects were
tested with a Wald test, and the random
effect with a log-likelihood ratio test. All
analyses were performed with S-PLUS
2000.20
Ethical approval
Approval for the project was obtained
from the University of Adelaide and the
Australian Red Cross Blood Service,
Adelaide. All participants gave their
informed consent.
RESULTS
Data from the six surveys examined in
this study are summarised in Box 2 and
Box 3.
Whole blood
Whole blood Se concentration was
affected by survey year (P < 0.05). The
mean values in the first two surveys
were higher than in the four later sur-
veys. Mean whole blood Se concentra-
tion for individuals in the 1977 and
1979 surveys was 153µg/L, while for
the 1987 (2), 1988 and 2002 surveys it
was 122µg/L — a decrease of 20% (see
Box 3). There was no interaction effect
between age and sex (P = 0.12), and no
effect of sex (P = 0.67) or age (P = 0.08).
Plasma
For the four later surveys, plasma Se
concentration was affected by age
(P = 0.008) and sex (P = 0.01). Plasma
Se concentration increased with age,
and women had lower Se levels than
men. At the mean age of 42 years, the
mean plasma Se concentration was
95µg/L for women and 97µg/L for
men.
The 2002 Adelaide survey found that
17–25-year-olds (of whom there were
14) had plasma Se concentrations
around 9µg/L lower than 26–69-year-
olds, but this finding was not significant
because of small numbers. Only four
participants were aged 70 or 71 years
and they had an average plasma Se
concentration of 93 µg/L, around 10 µg/
L less than the 26–69-year-old group.
DISCUSSION
The major determinant of Se status in
humans is the level of available Se in the
soil on which their food is grown.1,2 The
1: Some published plasma selenium reference levels
15µg/L The lowest published level: Burundi, a very low selenium country10
45µg/L Typical level from Bulgaria, a low selenium country11
89µg/L Mean of previous published Australian studies (post-1990 data)4
100µg/L Minimum level for maximisation of glutathione peroxidase activity in plasma1
113µg/L Baseline selenium level below which supplemented selenium protected against 
cancer in the United States Nutritional Prevention of Cancer Trial6
120µg/L Plausible target selenium level for reduction of cancer risk2
216µg/L Level in a sample from Venezuela, a high-selenium country12
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samples used in this South Australian
study comprised relatively healthy
adults. Se concentrations in smokers,21-23
chronically ill people,3 the frail elderly,24
children,25 and pregnant or lactating
women26,27 may be 25%–30% lower,
and in infants 60% lower,28 than those
in adult control subjects.
The mean plasma Se concentration of
103 µg/L found in the sample of
Adelaide blood donors in 2002 is higher
than that reported from most countries2
(eg, New Zealand [56 µg/L]29 and
France [87µg/L]30), and higher than
the mean (93 µg/L) and median (88µg/
L) of Australian published studies.4
However, it is lower than most plasma
Se levels reported from the “high Se
intake” countries (Venezuela, America,
Japan, Norway2 and Canada [135µg/
L]).31 The mean value for the South
Australian sample is similar to the
plasma Se concentration of 100µg/L
suggested as being necessary for optimal
expression of glutathione peroxidase,1
and 39% (111/288) of the sample had
Se concentrations below this level.
We found men had a marginally
(although statistically significant) higher
plasma Se concentration than women;
this finding was similar to that of a recent
United States study.23 Most studies have
found little relationship between sex and
blood Se concentration in adults,21
unless women in late-term pregnancy or
those who are lactating are included.26,27
The South Australian surveys (which
included participants mostly in the 25–
65-years age range) found that plasma
Se concentration increased significantly
with age, while the increase for Se con-
centration in whole blood was not sig-
nificant. Most studies have found little
difference in plasma and whole blood
Se levels in people aged between 20 and
65 years. Our surveys included few indi-
viduals aged over 70 years. In people
aged over 65 years, plasma Se concen-
tration tends to decrease with age,21 but
this change may be related to illness and
lower food intake rather than ageing
per se.24
Our population samples suggest that
a decline in Se concentration of around
20% occurred from the late 1970s to
the late 1980s (Box 3). This might have
been caused by a decrease in the mean
Se concentration in South Australian
wheat, given the importance of this
source of Se,6 and could have resulted
from more intensive cropping, lower
soil pH, increased use of gypsum (which
contains sulfur) to treat sodic soils, or a
combination of these factors.
In conclusion, from 1977 to 2002, in
healthy South Australian adults, whole
blood and plasma Se concentrations
were above those reported for most
other countries and in most previous
Australian studies, notwithstanding an
apparent decline in selenium status
from the late 1970s to the late 1980s.
However, it is likely that many South
Australians do not consume enough Se
to maximise selenoenzyme expression.
High-risk individuals, including male
smokers, men at increased risk of pros-
tate cancer, pregnant or lactating
women, infants and the frail elderly,
may benefit from Se supplementation,
but further studies are needed in these
groups. Before recommending fortifica-
tion or widespread supplementation
with Se it would be prudent to await the
results of current studies of intervention
with Se to examine the effects on can-
cer, HIV/AIDS and asthma.1,3,4
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2: Characteristics of survey populations and whole blood and plasma selenium concentrations in South Australian 
residents, 1977–2002
Survey
December 1977 February 1979 October 1987 October 1987 July 1988 June 2002
All 
surveys
Location IMVS* Kangaroo Island† Adelaide‡ Mt Gambier§ Adelaide‡ Adelaide‡
No. of participants 117 30 96 103 200 288 834
Men 70 20 47 59 100 149 445
Women 47 10 49 44 100 139 389
Mean age in years (range) 32 (17–64) 37 (18–59) 42 (22–62) 41 (20–46) 39 (19–64) 49 (17–71) 42
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Whole blood 155 (SD, 27) 143 (SD, 17) 123 (SD, 20) 121 (SD, 20) 122 (SD, 18) 125¶ (SD, 20) 128
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* Adelaide employees of the Institute of Medical and Veterinary Science.13 † Residents of Kangaroo Island, 70 km south-west of Adelaide.14 ‡ Red Cross blood donors 
in Adelaide. § Mount Gambier, 400 km south-east of Adelaide. ¶ From 28 people only. ** Estimated values (based on 80% of the measured whole blood Se 
concentration2). †† Whole blood and plasma selenium concentration means were similar for men and women within each survey.
3: Trend in whole blood and plasma 
selenium concentrations in 
South Australians,  1977–2002
The bars indicate standard error (SE). Data from 
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